Impaired glucose metabolism and mitochondrial decay greatly increase with age, when cognitive decline becomes rampant. No pharmacological or dietary intervention has proven effective, but proper diet and lifestyle do postpone the onset of neurodegeneration and some nutrients are being investigated. We studied insulin signaling, mitochondrial activity and biogenesis, and synaptic signaling in the hippocampus and cortex following dietary supplementation with bioactive phospholipid concentrates of krill oil (KOC), buttermilk fat globule membranes (BMFC), and a combination of both in aged rats. After 3 months of supplementation, although all groups of animals showed clear signs of peripheral insulin resistance, the combination of KOC and BMFC was able to improve peripheral insulin sensitivity. We also explored brain energy balance. Interestingly, the hippocampus of supplemented rats-mainly when supplemented with BMFC or the combination of KOC and BMFC-showed an increase in intracellular adenosine triphosphate (ATP) levels, whereas no difference was observed in the cerebral cortex. Moreover, we found a significant increase of brain-derived neurotrophic factor (BDNF) in the hippocampus of BMFC+KO animals. In summary, dietary supplementation with KOC and/or BMFC improves peripheral and central insulin resistance, suggesting that their administration could delay the onset of these phenomena. Moreover, n-3 fatty acids (FAs) ingested as phospholipids increase BDNF levels favoring an improvement in energy state within neurons and facilitating both mitochondrial and protein synthesis, which are necessary for synaptic plasticity. Thus, dietary supplementation with n-3 FAs could protect local protein synthesis and energy balance within dendrites, favoring neuronal health and delaying cognitive decline associated to age-related disrepair.
Introduction
Major pathological features of neurodegeneration include impaired glucose metabolism and mitochondrial decay [1, 2] . In particular, insulin governs whole-body energy and peripheral glucose homeostasis but also exerts specific actions in the brain [3, 4] , and it is noteworthy that there is increased insulin resistance with age [5, 6] . In addition, dysfunctional operation of the electron transport chain constitutes a key mechanism involved in the age-associated loss of mitochondrial energy metabolism [7] . Insulin signaling in the brain follows the same steps described for peripheral tissues, and its receptor is expressed in neurons and glial cells in different brain regions [8] . Among them, hippocampus and temporal cortex show the highest levels of insulin receptor expression, indicating the important role of insulin in learning and memory [5, 9] . Glucose flux regulates hippocampal memory processing through increased glucose transporter type 4 (Glut4) translocation [10] . Thus, cerebral insulin resistance could severely affect normal cognitive processes. Indeed, risk factors associated with insulin resistance, such as obesity, poor diet, physical inactivity, aging, and genetic predispositions, are correlated with cognitive dysfunction and dementia [11, 12] . Most of these factors are modifiable, pointing to the indispensable roles of prevention.
The Mediterranean diet has been associated with lower incidence of age-related diseases, such as Alzheimer's disease (AD) [13] . For instance, amelioration of insulin signaling was seen after treatment with hydroxytyrosol in an astrocytic model of AD [14] , suggesting that the use of extra virgin olive oil might slow down cognitive decline. Moreover, during aging, the central nervous system becomes depleted of the polyunsaturated fatty acid (PUFA) docosahexaenoic acid (DHA) which has been associated with pathologies such as senile dementia and AD [15] . Therefore, DHA supplementation to individuals at risk of cognitive decline could prevent its onset or lessen its consequences.
Currently, there are no dietary recommendations or science-backed health claims concerning cognitive decline [16] . FAO and WHO recommend (for adults) a daily intake of at least 500 mg of eicosapentaenoic acid (EPA) + DHA [17] . However, the current recommendations do not distinguish among fatty fish, functional foods, or supplements/ nutraceuticals [18] . Yet, n-3 FAs associated to phospholipids are more bioavailable to different tissues, such as the brain [19] . In this respect, krill oil is an attractive source of n-3 FAs, because a large proportion of them is incorporated into phosphatidylcholine (PC). Beneficial effects of krill oil have been described on blood lipids [20] , inflammation [21] , and cognitive function in the elderly [22] .
Another nutritionally relevant source of polar lipids is the milk fat globule membrane (MFGM). The milk fat globule consists of a core, mainly composed of triacylglycerides (TAG; 98-99%), and different concentrations of other compounds such as diacylglycerides, monoacylglycerides, free fatty acids (FFAs), and cholesterol. This core is surrounded by the MFGM, which contains different phospho-and sphingolipids and that could have potentially positive effects on human health, namely in neurological pathologies [23] . Buttermilk (BM), a by-product obtained from butter manufacturing with a high content of MFGM, is particularly rich, i.e., up to 20% of total fat, in polar lipids [24] and is currently not employed in the supplement arena. This percentage could be further increased by using food-grade solvents to obtain BM lipids and their subfractions [24] .
It is noteworthy that BM fractions contain high proportions of phosphatidylserine (PS) and sphingomyelin (SM). The former plays important cellular roles, e.g., in mitochondrial membrane integrity, release of presynaptic neurotransmitters, activity of postsynaptic receptors, and activation of protein kinase C in memory formation [25] . A decrease of SM in cerebral myelin has been related to the slowing in the speed of the cognitive process associated with aging [26] . For these reasons, there might be an opportunity to incorporate BM fractions in functional foods rich in phospho-and sphingolipids from MFGM, along with short-and long-chain n-3 FAs, e.g., from krill oil to counteract the age-related loss of PUFAs.
Our goal was to study insulin signaling, mitochondrial activity and biogenesis, and synaptic signaling in the hippocampus and cortex following dietary supplementation with bioactive phospholipid concentrates of krill oil (rich in n-3 FAs esterified to PC) and phospho-and sphingolipid concentrates from BM (rich in linolenic acid, PC, phosphatidylethanolamine (PE), phosphatidylinositol (PI), PS, and SM) and a combination of both in aged rats.
Materials and Methods

Materials
Buttermilk and krill oil concentrates (BMFC and KOC, respectively) and the elaboration of daily doses in the form of a jelly lollipop were produced at the Institute of Food Science Research (CIAL, Madrid, Spain). Briefly, BM fat was extracted by pressurized liquid extraction (PLE) using an accelerated solid ASE-200 extractor (Dionex Corp. Sunnyvale, CA). Fifteen grams of powdered BM were mixed with sand (1:1, by weight) and loaded into a stainless steel extraction cell. To obtain the maximum BM fat yield, the extraction procedure was based on the optimized PLE method of Castro-Gomez et al. [27] . The lipid extracts were capped under nitrogen and stored at − 35°C.
Animals
This research followed the Guide for the Care and Use of Laboratory Animals, published by the US National Research Council (Eight Edition 2010). Animal care was according to the standards proposed by the European Community (86/609/ EEC). Animal experiments were approved by the Animal Experimentation Committee of the National Distance Education University (UNED, Spain). A total of 41 male Wistar rats (9 months of age) were purchased from Charles River Laboratories (Barcelona, Spain). Rats were randomly distributed in groups of two per cage and maintained in a 12:12 light-dark cycle (8 a.m. to 8 p.m.), with constant temperature and humidity conditions (22 ± 2°C and 50% RH), during the following 9 months. Food and water were given ad libitum.
Experimental Design and Diets
As 18-month rats are considered old and present a variety of cognitive deficiency (CD) symptoms associated with aging, when animals reached this age, they were randomly assigned to four experimental groups (Table 1 ). All groups were given a standard EURodent (LabDiet, St. Louis, MO) diet plus a group-specific supplement as frozen strawberry-flavored jellies: (1) control group-refined olive oil (n = 8), (2) BMFC group-concentrate of phospho-and sphingolipids of MFGM from buttermilk (n = 11), (3) KOC group-concentrate of omega-3 fatty acids (EPA and DHA) and phospholipids from krill oil (KO) (n = 10), and (4) BMFC+KOC group-combination, in a single jelly, of the concentrates given to groups 2 and 3 (n = 12). The detailed composition of different phospho-and sphingolipids is described in Table 2 . Full intake of jellies was visually verified every day.
The nutritional composition of the diets (including supplements) of the four experimental groups is shown in Table 3 . Rats were sacrificed by decapitation after 3 months of supplementation, following a 12-h fast. Hippocampus and temporal cortex were quickly extracted, washed in PBS, snap-frozen in liquid nitrogen, and stored at − 80°C. Blood samples were collected with heparin (100 UI/ml), centrifuged for plasma collection at 1500×g for 15 min, and stored at − 80°C.
Determination of Circulating Biochemical Parameters
Concentration of plasma glucose was measured with commercial kits (WAKO, Neuss, Germany), and insulin levels were determined by an ELISA kit (Rat Insulin, 96-well plate assay, Millipore, Madrid, Spain), according to the manufacturer's instructions. The homeostasis model assessment of insulin resistance index (HOMA-IR), was calculated using the following formula:
Measurement of ATP Levels in Tissue Samples
To evaluate the energy status of the cells in the hippocampus and temporal cortex, a bioluminescent assay was used to assess intracellular ATP levels (Sigma-Aldrich, St. Louis, MO, USA). The homogenized samples were previously filtered through 0.22-μm filters (Millipore Corp., Bedford, Mass.). The assay was performed according to the manufacturer's protocol, and luminescence was measured at 570 nm using a microplate reader (Biochrom Asys UVM 340, Cambridge, UK).
RNA Isolation and qRT-PCR
Total RNA extractions from both tissues were performed according to the manufacturer's instructions of the miRNeasy Mini kit (Qiagen, Madrid, Spain), including DNA digestion. RNA quantity and purity were analyzed using a NanoDrop ND-2000 UV-Vis Spectrophotometer (Thermo Fisher Scientific Inc., Spain) and RNA integrity using an Agilent's 2100 bioanalyzer. Total RNA was converted into first-strand cDNA using miScript ® II Reverse Transcription kit, Qiagen (Izasa, Barcelona, Spain) according to the manufacturer's guidelines.
Electron Transport Chain Array
We used a mitochondria energy metabolism (SAB Target List) H384 Predesigned 384-well panel (Bio-Rad, Madrid, Spain). Five samples of each experimental group with the highest RNA Integrity Number (RIN) were selected to perform the assay. The predesigned plates were formed by 87 genes, within which 10 were reference genes, 27 genes belonged to complex I, 4 to complex II, 6 to complex III, 15 to complex IV, and 18 to complex V, and 7 were non-exclusively associated with the respiratory chain.
qRT-PCR reactions were performed with miScript SYBR Green PCR kits from Qiagen (Izasa, Madrid, Spain) using a 7900HT Real-Time PCR System (Life Technologies, Alcobendas, Spain). Cycling conditions were a first step of activation at 95°C for 15 min, 40 cycles of denaturation at 94°C for 15 s, annealing at 58°C for 30 s, and a final step for dissociation curve. PPA1 was identified by NormFinder as the most stable reference gene among other candidates.
Gene Expression of Synaptic Proteins
Expression analyses of genes encoding proteins involved in neural synapses were performed by qRT-PCR in 384-well plates using the same cycling conditions described above. Specific primers for each gene were designed using Primer3 software (Supplementary Table 1 ). Quantification of relative gene expression was performed using the comparative delta Ct method using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for normalization.
Western Blot Assays
Temporal cortex and hippocampus samples were homogenized with RIPA lysis buffer containing protease and phosphatase inhibitors (Sigma-Aldrich, Madrid, Spain). Homogenates were kept at − 80°C for 24 h, centrifuged (4°C, 12,000×g, 30 min), and supernatants were collected. Total protein concentrations were determined using BCA protein assay reagent (Thermo Fisher Scientific, Madrid, Spain). Equal (30 μg) amounts of protein were loaded on 10% polyacrylamide gels, submitted to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE), and transferred to nitrocellulose membranes (Bio-Rad, Madrid, Spain). Membranes were blocked with 5% non-fat milk powder in Tris-buffered saline containing 0.1% Tween-20 (TBS-T) for 2 h at room temperature, then incubated overnight at 4°C with various primary antibodies regarding key components of the insulin signaling pathway and components of the neurotransmissions and neurodegenerations (Supplementary Table 2) , and involved in respiratory mitochondrial chain (Abcam ab110413). Following incubation with appropriate secondary antibodies, protein bands were detected by an enhanced chemiluminescence method using the ECL kit (Bio-Rad, Madrid, Spain). Normalization of total protein expression was carried out using GAPDH or corresponding total form in the case of phosphorylated proteins.
Statistical Analyses
Statistical analyses were carried out using GraphPad Prism 7.02 software (GraphPad Software, Inc., La Jolla, CA, USA). . Data from independent samples from all experiments were compared by one-way ANOVA, using the Tuckey test to compare all study groups. Values of p < 0.05 were considered significant. Results are presented as means ± SEM.
Results
A Combination of BMFC and KOC Improves Peripheral Insulin Sensitivity
Aged rats fed isocaloric diets (Table 3) for 3 months did not show significant changes in body weight (data not shown). As insulin resistance is tightly associated with aging and cognitive dysfunction [28] , we wondered whether different dietary supplements affected glycemic profiles. No significant differences were observed in glucose levels in any of the study groups (Fig. 1a) . However, glucose levels in all groups (values close to 150 mg/dl) indicated an ongoing insulin resistance process, since the normal physiological glucose range of adult (> 4 months) rats is around 75.4 ± 5.5 mg/ml [29] . In addition, serum insulin concentrations were higher than customary for adult rats. Compared to the control group, the combination of BMFC with KOC induced lower insulin levels (Fig. 1b) . This observation was further confirmed by the HOMA-IR (Fig.  1c) , suggesting that the mixture improves peripheral insulin sensitivity.
Hippocampal and Cortical Insulin Signaling Is Increased with High Phospholipid Concentrate Diets
Dysregulation of brain insulin signaling is associated with aging and neurodegenerative disorders [3, 4, 11] . To determine whether the different supplements influence central insulin signaling, we evaluated key insulin pathway molecules in the hippocampus and cerebral cortex. Protein analysis from hippocampal samples showed a significant increase in the insulin receptor-beta subunit (IRβ) expression levels both in KOC and BMFC+KOC groups (Fig. 2a) , whereas the activated insulin receptor substrate (IRS) 1 was augmented in groups supplemented with BMFC. This activation mediated by the insulin receptor was not observed in the IRS2 protein. Since cytoplasmic insulin signaling is mediated through phosphatidylinositol-3-kinase (PI3K), we also explored the expression levels of the regulatory subunit p85 from this kinase. As seen for IRS1, BMFC supplementation increased PI3K expression levels. As the last step of the insulin pathway, i.e., protein kinase B (Akt) activation, was detected in hippocampal samples of the three experimental groups, it is conceivable that a high-phospholipid diet improves hippocampal BMFC, concentrate of phospho-and sphingolipids of milk fat globule membrane from buttermilk; KOC, concentrate of omega-3 fatty acids (eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)) enriched in phospholipids from krill oil; BMFC+KOC, combination of both concentrates Fig. 1 Determination of insulin, glucose, and insulin resistance index in rat serum. BMFC concentrate of phospho-and sphingolipids of milk fat globule membrane from buttermilk; KOC concentrate of omega-3 fatty acids (eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)) enriched in phospholipids from krill oil; BMFC+KOC combination of both concentrates. a Glucose levels expressed in mg/ml. b Insulin levels expressed in mg/ml. c homeostasis model assessment of insulin resistance index (HOMA-IR). Values are means ± SEM. *Statistically significant difference regarding all study groups at p < 0.05 insulin signaling. Moreover, cerebral cortex Akt is also activated (Fig. 2b) , suggesting that this effect is not restricted to one brain region. Activation of insulin intracellular signaling stimulates the translocation of the Glut4 transporter facilitating glucose uptake [11] . Although we did not find significant differences in Glut4 levels among any of the supplemented groups (Fig. 2a,  b) , the implication of other glucose transporters cannot be ruled out.
BMFC+KOC Ameliorate Cellular Energy States and Increase Mitochondrial Biogenesis in Hippocampus
The energetic state of the brain is influenced by mitochondrial biogenesis, which can be dramatically damaged during aging. Thus, we first evaluated the intracellular levels of adenosine triphosphate (ATP) in hippocampal samples. We found that all experimental groups showed an increase in ATP levels, although statistical significance was only reached in BMFCsupplemented animals (Fig. 3a) . Interestingly, this improvement was not detected in cerebral cortex samples (Fig. 3b) , suggesting that supplementation with bioactive phospholipids differentially affects brain areas at this level. Consequently, we wanted to figure out whether this potentially increased hippocampal energetic state could be related to augmented mitochondrial biogenesis. To achieve this, we analyzed the expression of proteins from the five electron transport chain complexes (Fig. 3c ). Animals fed with both BMFC and KOC supplement showed increased protein expression in all complexes studied, suggesting that amelioration of cell energy state could be mediated by an increase in hippocampal mitochondrial biogenesis.
We also evaluated the expression of 70 genes corresponding to the five mitochondrial complexes and seven associated with the respiratory chain (not included in any complex) in the hippocampus. An increase in the expression of key genes involved in the complexes I, IV, and V (Fig. 3d) was detected by qRT-PCR, confirming the observed changes in protein levels.
Mitochondrial Biogenesis in BMFC+KOC-Supplemented Animals Is Mediated Through BDNF
To determine whether the increased levels in mitochondrial complex proteins were mediated by the regulator of mitochondrial biogenesis, i.e., the peroxisome proliferator-activated receptor γ coactivator 1-α (PGC-1α), we explored the levels of this protein in hippocampal and cortical samples (Fig. 4a, b) . As seen in Fig. 4a , b, PGC1-α was increased in BMFC+KOC-supplemented rats in both brain areas. As this coactivator is regulated by the master metabolic regulator 5' AMP-activated protein kinase (AMPK), we further explored the levels of this kinase along with the NAD + -dependent type III deacetylase sirtuin 1 (SIRT1) [30] . Remarkably, although phosphorylated levels of AMPK were only increased in the KOC group both in hippocampus and cerebral cortex, SIRT1 levels were decreased in all experimental groups in the hippocampus and a trend (not significant) was observed in the cortex. As it has been described that PGC-1α activation requires both AMPK and SIRT1 [30] , results suggest that AMPK-SIRT1-mediated PGC1-α regulation is not taking place in this model. Brain-derived neurotrophic factor (BDNF) has been implicated in neural ATP enhancement and in PGC-1α activation [31] . Thus, we next analyzed BDNF levels in hippocampal samples (Fig. 4a) . Only BMFC+KOC-supplemented animals showed an increase in BDNF levels, in accordance with the results for PGC-1α, suggesting that the amelioration of the energy state observed in these animals could be mediated by BDNF. Although cortical BDNF was increased in all supplemented groups (Fig.  4b) , statistical significance was not reached. Some authors propose that BDNF acts through the mammalian target of rapamycin (mTOR), favoring local protein synthesis in dendrites [32] . Increased levels of mTOR activity were detected in rats supplemented with BMFC+KOC, 
Synaptic Proteins Are Differentially Regulated in Distinct Brain Areas
Considering that mitochondrial biogenesis is relevant for BDNF to stimulate the formation of new synapses and to maintain the existing ones [31] , we wondered whether the observed changes in energy status after supplementation could be linked to synaptic signaling. Hence, we first analyzed the expression levels of genes encoding pre-and postsynaptic proteins in hippocampal samples (Fig. 5a) . Interestingly, syntaxin 1A (Stx1A) gene levels were increased in BMFC+KOC-supplemented animals, whereas synapsin I (Syn1) and synaptotagmin 1 (Syt1) did not change. We further examined postsynaptic structural proteins PDS95, PDS93, and SAP-102 levels (Dlg4, Dlg2, and Dlg3, respectively), and, surprisingly, while Dlg4 levels were increased in KOC rats, the expression of all three genes was decreased in the BMFC+KOC group. In order to confirm these results, we measured the levels of protein Stx1A and two other presynaptic proteins associated with synaptic vesicles, synaptobrevin 2 (Vamp2) and the chaperone α-synuclein (α-Syn) (Fig. 5b) . Even though Stx1A mRNA levels were increased in the BMFC+KOC-supplemented animals, protein levels were not changed in any of the experimental groups. On the other hand, Vamp-2 levels were increased in all supplemented animals.
In the case of cerebral cortex, some of the pre-and postsynaptic proteins studied showed increased gene expression levels (Fig. 5c ). Stx1A levels were significantly increased in BMFC+KOC-supplemented rats, whereas Syt1 mRNA was upregulated in all studied groups compared to that in control animals. At protein level (Fig. 5d ), Stx1a and α-Syn were increased in the KOC group and α-Syn was augmented only in the BMFC group. These results highlight different synaptic regulations in distinct brain areas.
Discussion
There is growing evidence that age-associated cognitive decline can be partially prevented by an appropriate lifestyle that includes proper diet and regular exercise [33, 34] . One example is that of the Mediterranean diet, which has been correlated with lower incidence of age-related disorders, such as AD and cardiovascular disease [35, 36] . Dietary fats such as those of fish or olive oil could be responsible for such effects by ameliorating, for instance, insulin signaling in brain [14] . Dietary supplementation with PUFAs, such as DHA or the more bioavailable n-3 FAs associated to phospholipids, present in krill oil, could represent a good pharmanutritional tool to partially prevent the noxious consequences of age [19, 22] . Indeed, milk phospholipid intake seems to have beneficial effects on stress-induced memory impairment in adults [37] . Although MFGM supplementation in infant and children appears to have some neurodevelopmental benefits [38] , their effects on the elderly are insufficiently investigated [39, 40] .
As insulin resistance increases with age and its associated diseases [5] , we aimed at studying brain insulin signaling in response to dietary supplementation with bioactive phospholipid concentrates of krill oil and buttermilk in aged rats. After 3 months of supplementation, although all groups of animals showed clear signs of peripheral insulin resistance, the combination of KOC and BMFC was able to improve peripheral insulin sensitivity. In agreement, both krill oil and MFGM have been previously shown to reduce insulin levels in type 2 diabetes and obese individuals, respectively [41, 42] , suggesting that dietary fatty acids/phospholipids could help in this respect. In order to know whether this amelioration in peripheral insulin resistance could also be detected in the central nervous system, we further explored insulin signaling in the hippocampus and cerebral cortex, both implicated in cognitive processes. Interestingly, insulin signaling was improved in both structures, since the cascade of events was active when animals were supplemented with BMFC, KOC, or both. These results highlight the potential of dietary fats to compensate the disturbance in the insulin pathway observed with aging. Considering that the energetic state level in brain is influenced by its mitochondrial content, we further explored brain energy balance. Interestingly, the hippocampus of supplemented rats-mainly with BMFC or the combination of KOC and BMFC-showed an increase in ATP levels, whereas no difference was observed in the cerebral cortex, suggesting that dietary fats induce different energy states in distinct brain areas, which is coherent with the observation that n-3 fatty acids incorporate into the various brain structures in a non-random, selected fashion [43] . The increased energy status of the hippocampus might be due to an increase in mitochondrial biogenesis, because both mitochondrial complex proteins and PGC-1α, the key regulator of mitochondrial biogenesis, were augmented in BMFC+KOC-supplemented animals. Remarkably, although we did not record higher ATP levels in the cerebral cortex of supplemented animals, BMFC+KOC rats presented increased levels of PGC-1α, suggesting that the combination of the two types of fat favors the increase of this transcription factor, in turn indicating an increase in mitochondrial biogenesis signaling in this brain area. Since all treated animals presented increased levels of the neurotrophin BDNF, upregulation of PGC-1α appears to be mediated through it rather than AMPK-SIRT1. However, we only found a significant increase of BDNF in the hippocampus of BMFC+KOC animals. It is noteworthy that cerebral BDNF levels are quite low [31] and perhaps even a slight rise in BDNF levels could promote the action of PGC-1α in the cerebral cortex.
BDNF stimulates mitochondrial biogenesis to form new synapses and to maintain the existing ones [31] . In fact, dendritic protein synthesis is indispensable to sustain synaptic plasticity, where BDNF is the main modulator [32] . BDNF facilitates synaptogenesis by inducing the mTOR pathway, which mediates signals for local protein synthesis [32] . According to our results, combined supplementation with both KOC and BMFC favored mTOR activation in the hippocampus. Thus, animals fed with both fats exhibit all the necessary steps for synapse formation [32, 44] .
Although our results point to an improvement in synaptogenesis in hippocampal samples of BMFC+KOC-supplemented animals, when we explored synaptic genes and proteins, we did not find significant increases in this brain area. Surprisingly, cerebral cortices presented an induction of synaptic protein synthesis in all supplemented groups, although the highest levels were detected in the BMFC+KOC-supplemented group. As mentioned above, although BDNF and mTOR levels increased, statistical significance was not seen regarding controls, but it may be possible that such increase is enough to improve synaptic protein synthesis at the dendrite level.
In summary, dietary supplementation with KOC and/or BMFC improves peripheral and central insulin resistance and could help delay their onset. Moreover, as described before [45] , n-3 fatty acids ingested as phospholipids increase BDNF brain levels, favoring an improvement in energy state within neurons and facilitating both mitochondrial and protein synthesis, which are necessary for synaptic plasticity. Thus, dietary supplementation with n-3 FAs could protect local protein synthesis and energy balance within dendrites, favoring neuronal health and delaying cognitive decline associated to age-related disrepair.
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